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We present solutions of some benchmark problems, ('Benchmark Problems in 
Eddy-Current NDE,' by Harold A. Sabbagh and Stephen K. Burke, presented at 
QNDE in 1991), for the computation of b..Z in eddy-current NDE: 
1. Rectangular slot in a thick plate (900 Hz) 
2. Rectangular slot in a thick plate (7 kHz) 
3. Cracks in a thin plate 
4. Cracks in a double plate system 
The problems are of great value in validating eddy-current codes, and for 
that reason have an important role to play in the development of quantitative 
eddy-current NDE. 
The code used, VIC3D(c) , implements a volume integral technique [1,2,3] 
to solve Maxwell's equations. The solutions have been generated on both 
PC machines and Unix workstations. In addition to solutions, we will give 
statistics, such as memory usage, CPU time and other relevant information 
useful in software evaluation. 
EDDY CURRENT MODEL 
The electric dipole density distribution P(r) in a cylindrical or planar 
layer can be described by 
P = p(i) + v f G . P dr, 
iflaw 
where p(i) is the electric dipole density incident on the flaw, v describes 
the flaw conductivity and G is the dyadic Green's function which describes 
the behavior of the fields for the particular geometry [1,2,3]. Expanding 
using regular elements and then taking moments one finds a discrete version 
of equation (1) 
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Figure 1. 900 Hz scan over a 12.6mm slot in a thick plate of aluminum. 
25.0 
The probe impedance change due to the defect can now be found by: 1) 
determining the matrix elements using the Green's function for the current 
geometry, 2) determining the incident field in the flaw volume due only to the 
probe, 3) solving the system of equations for the unknown dipole density and 
4) computing the probe impedance as a scalar multiple of the dot product of 
the incident and scattered fields. 
The precision of the model is determined by the sub-division of the flaw 
and the precisions of the matrix elements and field computations. Results 
from the model are shown in the following section. For each physical problem 
the model was run three times with 3 different precision levels: LOW ~ d/2 x 
2d x 2d elements size, MEDIUM ~ d/2 x d x d elements size and HIGH ~ d/3 x d/3 x d/3 
elements size, where d is the skin depth in the defect region. 
RESULTS 
The first benchmark experiment involves an air-core probe with a 6.1Smm 
inner radius, 12.4mm outer radius, 6.15mm height, and 3790 turns. The defect 
was a 0.28mmx12.6mmx5mm EDM slot in a thick plate of aluminum. The change 
in probe impedance was measured at 1 mm increments as the probe was scanned 
along the length of the slot, starting at the center. The probe lift-off 
was 0.88mm and the inspection frequency was 900Hz. The model predictions for 
the 3 different precision levels are presented in Figure 1, along with with 
the measured impedance values. This is a TEAM [4] and ACES [5,6] benchmark 
problem. 
The legends in Figure 1 indicates the subdivision of the flaw volume . The 
skin depth is approximately 3mm. For LOW the flaw volume 0.3mm x 12.6mmx 5mm 
was divided into 1x3x 1 element. For MEDIUM and HIGH precision the flaw was 
divided into 1x7x2 and 1X15x4 elements respectively. 
The second benchmark experiment involves an air-core probe with a 9.34mm 
inner radius, 18.4mm outer radius, 18.4mm height, with 408 turns. The defect 
was a 0.28mmx 12.6mmx 5mm EDM slot in a thick plate of aluminum. The change 
in probe impedance was measured at 1 mm increments as the probe was scanned 
along the length of the slot, starting at the center. The probe lift-off was 
2.03mm and the inspection frequency was 7kHz. The model predictions for the 
3 different precision levels are presented in Figure 2, along with with the 
measured impedance values. This is a TEAM and ACES benchmark problem . 
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Figure 2. 7 kHz scan over a 12.6mm slot in a thick plate of aluminum. 
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Figure 3, 1 kHz scan over a 44.4mm thru-wall slot in a thin brass plate. 
The third benchmark experiment involves an air-core probe vith a 9.34mm 
inner radius, 1S.4mm outer radius, 1S.4mm height, vith 40S turns. The 
defect vas a 0.3mmx44.4mmxO.S9mm thru-vall EDM slot in a thin brass plate . 
The change in probe impedance was measured at 2 mm increments as the probe 
vas scanned along the length of the slot, starting at the center. The 
probe lift-off was 1.S7mm and the inspection frequency vas 1kHz. The model 
predictions for the 3 different precision levels are presented in Figure 3, 
along with with the measured impedance values. This is a ACES benchmark 
problem. 
The fourth benchmark experiment [7] involves an air-core probe with a 
9.34mm inner radius, 1S.4mm outer radius, 1S.4mm height, vith 40S turns. 
The defect was a 0,3mmx101 . 1mmx O,S9mm thru-vall EDM slot in a thin brass 
plate. The change in probe impedance was measured at 2 mm increments as the 
probe was scanned along the length of the slot, starting at the center. The 
probe lift-off vas 1.S7mm and the inspection frequency vas 1kHz. The model 
predictions for the 3 different precision levels are presented in Figure 4, 
along Yith Yith the measured impedance values. 
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Figure 4. 1 kHz scan over a 44,4 mm thru-wall slot in a thin brass plate. 
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Figure 5. 1 kHz scan over a 101 mm thru-wall slot in a thin brass plate. 
The fifth benchmark experiment [7] involves the same probe and brass plate 
used in the third experiment. Instead of scanning ~ith the probe, the probe 
is left centered over the slot and the frequency is s~ept through 2 decades 
centered on the original 1 kHz. The model predictions for the 3 different 
precision levels are presented in Figure 5, along ~ith ~ith the measured 
impedance values. 
The sixth benchmark experiment involves the same probe and brass plate used 
in the third and fifth experiment. Ho~ever, a second brass plate ~ith the 
same thickness as the first, is now placed under the first with an air gap of 
0.19mm. The change in probe impedance ~as measured at 2 mm increments as the 
probe was scanned along the length of the slot, starting at the center. The 
probe lift-off ~as 1.87mm and the inspection frequency was 1kHz. The model 
predictions for the 3 different precision levels are presented in Figure 6, 
along with with the measured impedance values. This is an ACES benchmark 
test. 
The last benchmark experiment uses the same probe and t~o-plate system 
from the sixth experiment, but the probe is scanned underneath the second 
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Figure 7. 1 kHz scan over a 101 mm thru-wall slot in bottom thin brass plate. 
plate. The probe lift-off was 1.87mm and the inspection frequency was 1kHz. 
The model predictions for the 3 different precision levels are presented in 
Figure 7, along with with the measured impedance values. This is an ACES 
benchmark test. 
RESOURCES 
Since the flaw volumes are sub-divided in a uniform way in each of the 
coordinate directions, the matrix is found to be the sum of a Toepli tz (aij 
ai+1,j+l) and a Hankel (aij = ai+1,j-I)' If the number of unknowns is large, 
assembling the entire matrix can be avoided, since knowledge of the first 
row and first column determines the whole matrix. The structure of the 
matrix allows for implementation of the matrix/vector product necessary in an 
iterative solution using fast Fourier transforms. This approach allows for 
solution of very large problems with a small amount of memory. 
Table 1 presents the CPU timings and memory usage for the 3 major 
computations used to model the probe/flaw interaction: gmats--computes 
the matrix elements, incfld--computes the incident field on the flaw and 
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Table 1. Computer resources required for conjugate gradient solver on a 33 MHz 80387 pro-
cessor 
VIC-3D LogBook 
Program I Ver# I Date Time I CPU I Mem(K) I VIC File name 
-------- ------------------ -------------------------- --------------
gmats 1.22 07/16/92 10:50:12 0.1 5 burke. 000 
incfld 1.19 07/16/92 10:50:22 0.1 1 burke. 000 
resp3d 1.26 07/16/92 10:60:28 0.3 20 burke. 000 
gmats 1.22 07/16/92 10:62:14 0.2 17 burke. 001 
incfld 1.19 07/15/92 10:62:30 0.2 2 burke. 001 
resp3d 1.26 07/16/92 10:62:43 4.3 78 burke. 001 
gmats 1.22 07/16/92 11:00:69 3.0 66 burke.002 
incfld 1.19 07/16/92 11 :04:06 1.2 3 burke. 002 
resp3d 1.26 07/16/92 11 :05:23 49.7 311 burke. 002 
gmats 1.22 07/15/92 11:56:37 1.0 12 plate. 000 
incfld 1.19 07/16/92 11:67:44 0.3 2 plate. 000 
resp3d 1.26 07/16/92 11:68:07 3.4 39 plate.OOO 
gmats 1.22 07/15/92 12:04:52 2.5 23 plate.OOl 
incfld 1.19 07/15/92 12:07:27 0.4 2 plate. 001 
resp3d 1.26 07/16/92 12:07:54 13.7 78 plate.OOl 
gmats 1.22 07/15/92 12:24:26 6.1 46 plate. 002 
incfld 1.19 07/16/92 12:29:36 0.9 4 plate. 002 
resp3d 1.26 07/16/92 12:30:36 62.0 155 plate. 002 
gmats 1.22 07/16/92 10:41:11 0.1 33 burke7k.000 
incfld 1.19 07/16/92 10:41:22 0.9 4 burke7k.000 
resp3d 1.26 07/16/92 10:41:26 14.1 166 burke7k.000 
gmats 1.22 07/16/92 11:14:04 0.6 131 burke7k.00l 
incfld 1.19 07/16/92 11: 14:35 1.6 4 burke7k.00l 
resp3d 1.26 07/16/92 11: 16: 14 89.9 624 burke7k.00l 
gmats 1.22 07/16/92 13:53:64 7.2 619 burke7k.002 
incfld 1.19 07/16/92 14:01:12 5.2 9 burke7k.002 
resp3d 1.26 07/16/92 14:08:34 332.6 2467 burke7k.002 
resp3d--computes the probe response to the 3D defect. The resources presented 
in Table 1 are for using the conjugate gradient algorithm on an 80387 33 
MHz processor. The VIC filenames burke.OOn refer to the 900 Hz aluminum 
experiment, plate.OOn refer to the 1 kHz brass plate with 44.4mm slot 
experiment and burke7k.00n refer to the 7kHz aluminum experiment. The files 
with n = 0 used LOW precision, n = 1 used MEDIUM, while n = 2 used HIGH 
precision. 
Table 2 shows the computer resources required when modeling the same 
experiments as Table 1; however, the linear system of equations was solved 
directly by an LU decomposition. As can be seen, the solution times drop 
by two orders of magnitude with only marginal increases in memory usage for 
smaller problems. Although the entire matrix must be assembled, the memory 
overhead of the conjugate gradient algorithm can actually require more memory 
when the number of unknowns is small. However, the memory requirements 
grow as O(n2 ) where the iterative solver only grows as O(n). For example 
burke7k.002 needed .6 and 2.5 Mbytes of memory for MEDIUM and HIGH precision 
runs where the number of unknowns are lx15x8x3 and lx31x16x3, an increase 
of approximately 4. The direct solver, on the other hand needed 1 Mbytes 
for the MEDIUM precision run and would have required over 16 Mbytes for the 
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Table 2. Computer resources required for direct solutions on a 33 MHz 80387 processor 
VIC-3D LogBook 
Program I Vert I'Date Time I CPU I Mem(K) I VIC File name 
-------- ------
----------- ---------- ------- ----------------------
gmats 1.28 07/28/92 21:08:29 0.0 0 burke.OOO 
incfld 1.23 07/28/92 21:08:32 0.0 0 burke. 000 
resp3d 1.30 07/28/92 21:08:36 0.0 3 burke. 000 
gmats 1.28 07/28/92 21:09:36 0.4 41 burke. 001 
incfld 1.23 07/28/92 21:10:06 0.3 2 burke. 001 
resp3d 1.30 07/28/92 21:10:26 0.0 31 burke. 001 
gmats 1.28 07/28/92 21:11:17 4.6 667 burke. 002 
incfld 1.23 07/28/92 21: 16:62 1.1 3 burke. 002 
resp3d 1.30 07/28/92 21:17:01 0.4 618 burke. 002 
gmats 1.28 07/28/92 21:27:68 1.1 17 plate. 000 
incfld 1.23 07/28/92 21:29:06 0.3 2 plate. 000 
resp3d 1.30 07/28/92 21:29:28 0.0 9 plate. 000 
gmats 1.28 07/28/92 21:67:62 2.3 61 plate.OOl 
incfld 1.23 07/28/92 22:00:12 0.4 2 plate.OOl 
resp3d 1.30 07/28/92 22:00:37 0.1 36 plate.OOl 
gmats 1.28 07/28/92 22:01:26 6.8 172 plate. 002 
incfld, 1.23 07/28/92 22:07:17 0.7 4 plate. 002 
resp3d 1.30 07/28/92 22:08:06 0.1 141 plate. 002 
gmats 1.28 07/29/92 21:18:46 0.3 136 burke7k.000 
incfld 1.23 07/29/92 21:19:07 0.7 2 burke7k.OOO 
resp3d 1.30 07/2~/92 21:19:66 0.1 117 burke,7k.000 
gmats 1.32 08/31/92 11:42:36 2.2 1062 burke7k.00l 
incfld 1.26 08/31/92 11 :46:43 1.3 12 burke7k.00l 
resp3d 1.36 08/31/92 11 :48:23 0.3 1024 burke7k.00l 
HIGH precision run. Notice that the 16 point scan took nearly 90 minutes for 
conjugate gradients and under 20 seconds for the direct solver. 
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